Introduction
COPD is a progressive condition associated with chronic morbidity, reduced quality of life, and premature mortality.
1,2 COPD was the third leading cause of mortality in the USA in 2011, 3 and imposes a substantial economic burden with total medical costs estimated at US$50 billion and 60% attributed to direct expenditures. 4 Despite the significant morbidity and mortality associated with it, COPD is a treatable condition, 5, 6 with medical therapies tailored to individual patients based on symptom severity, risk for exacerbations, and response to therapy. 7 Traditional management of COPD exacerbation, however, has been reactive instead of proactive.
Bronchodilators are the mainstay of treatment and have established efficacy for symptom control, reduced risk of complications, and prevention of exacerbations. [5] [6] [7] 9 The effectiveness of inhaler therapies depends on device type, 10 patients' ability to use devices correctly, 10, 11 device reliability for medication delivery, 12, 13 and patient adherence with prescribed timing, dosage, and frequency. 7, 14, 15 The most frequently observed types of nonadherence are underuse and improper use of inhaled therapies, with the majority of patients unable to properly use inhalers. [16] [17] [18] [19] A systematic review of studies directly observing patients' inhaler use technique reported an overall prevalence of 31% (95% CI: 27%-36%) for poor technique, 41% (95% CI: 36%-47%) acceptable technique, and 31% (95% CI: 28%-35%) correct usage in patients with asthma or COPD. Error rates were higher for pressurized metered-dose inhalers (MDIs), with 38% of patients demonstrating poor technique compared to 23% of those using dry-powder inhalers (DPIs). Acceptable usage was reported for 37% and 44% of users of MDIs and DPIs, respectively. 20 Poor inhaler technique and inadequate inhaler instruction contribute to suboptimal control of COPD, 9, 21 nonadherence, and poor clinical outcomes. 18, 21, 22 We lack an understanding of factors that contribute to incorrect inhaler usage, 23 although research suggests higher error rates in patients who selfeducate on usage and those who are female, older, and have fewer years of education. 11, 18, 24, 25 A greater understanding of relationships between patient characteristics and inhaler technique may facilitate efforts to identify patients at risk for incorrect inhaler usage. This information can guide clinicians' efforts to prescribe the device type that is most likely to be used correctly. The objectives of this analysis were to: 1) quantify the level of concordance between physician and patient ratings of confidence in device usage, 2) assess the association of treatment adherence with physician-perceived and patient self-reported confidence in patients' ability to correctly use inhaler(s), 3) identify patient characteristics associated with low confidence in inhaler usage, and 4) assess associations between inhaler technique and COPD-related health status.
Methods

study design
This was a prospective analysis of the 2013 Adelphi Respiratory Disease Specific Program, a large, multinational, observational, cross-sectional survey that collects real-world data from physicians and patients. 26 Physicians were identified from publicly available lists and contacted by telephone to determine if they met the eligibility criteria for the survey.
Eligible, consenting primary care physicians and pulmonologists practicing in the US completed surveys for the next five consecutive, eligible patients who were consulting for any reason and were compensated at fair market rates for their participation.
Patients for whom their physician completed a survey were invited to respond to a questionnaire, which was voluntarily and independently completed with no input or direction from clinicians. Patients provided written informed consent before participation. No tests, treatments, or investigations were performed as part of this survey. The survey was conducted as a market research survey adhering to the ICC/ESOMAR International code on observational research and performed in full accordance with the rules of the US Health Insurance Portability and Accountability Act 1996. 27 IRB approval was not necessary or sought.
subjects
Physicians eligible for participation included those who completed medical training in the last 5-35 years, were personally responsible for treating patients with COPD, and treated at least 3 COPD patients per week. Patient eligibility criteria were age 40 years, a physician-confirmed diagnosis of COPD, a history of tobacco use, and a prescription for 1 inhaled medication. Patients with asthma were ineligible and those who declined to complete a questionnaire despite availability of a physician-completed survey were excluded from all analyses.
Assessments
Physicians reported patient demographics, type of prescribed inhaler(s), provision of device training, severity of COPD, and comorbid health conditions. They assessed patients' confidence in the use of inhaler device(s) on a 5-point Likert scale ranging from 1 (not at all confident) to 5 (completely confident) in response to the question, "How confident are you that your patient is using their inhaler correctly". Completion of each survey took ~20 minutes, with compensation provided for each completed survey.
The patient-completed survey included items comparable to the physician instrument, with confidence in use of inhalers assessed by the question, "How confident are you that you are using your inhaler correctly" and responses recorded on a 5-point Likert scale. Physician-and patient-reported confidence ratings were used as a proxy for correct inhalation technique.
Patients also completed the EuroQoL 5 (EQ-5D-3L) including the graduated visual analog scale (VAS) and five dimensions of health, 28 and the COPD assessment test 32 Ratings of not at all, slightly, and moderately confident were summed to represent low confidence, while ratings of completely and very confident indicated high confidence in device usage.
Stepwise logistic regression identified relationships between high versus low confidence in inhaler technique and patient demographic and clinical characteristics. Patients receiving their COPD medication by nebulizers alone were excluded due to very small sample size. Standard errors were adjusted for a possible correlation between patients consulting the same physician. Multiple linear regression evaluated relationships between high versus low confidence in inhaler usage and measures of health status. Logistic regression analysis assessed relationships between confidence in the use of inhaler(s) and patient-reported treatment satisfaction. Covariates included age, COPD severity, person providing inhaler education, number of comorbidities, education level, adherence, and concomitant nebulizer use. Kruskal-Wallis tests were performed to determine the significance of relationships between confidence in use of inhaler(s) and treatment adherence. All statistical analyses were performed with Stata/SE version 12.1.
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Results
A total of 76 (56.7%) primary care physicians and 58 (43.3%) pulmonologists completed questionnaires for 373 patients. The median patient age was 67.0 years, with 171 (45.8%) indicating high school as their highest level of educational attainment (Table 1 ). More than half of patients were prescribed DPIs and MDIs together; 44 (11.8%) were prescribed nebulized medications plus a DPI or MDI. Almost all patients indicated they received inhaler training from a health care professional.
Physician versus patient-reported confidence in the correct use of inhaler device(s)
Complete confidence in device usage was observed for 22% and 17% of patients, whereas 33% and 41% of patients indicated moderate, slight, or no confidence in correct use of inhaler(s) as reported by patients and physicians, respectively ( Figure 1 ). Low confidence was reported by 91 (37%) patients for DPIs and 86 (33%) for MDIs. Physicians reported 104 (42%) and 112 (43%) patients had low confidence in the use of DPIs and MDIs, respectively. Evaluation of concordance between physician-and patient-reported confidence ratings for inhaler use resulted in κ=0.397, equivalent to fair agreement. 32 Physicians overestimated confidence in inhaler usage in 18% of patients compared with patient ratings, while 30% of patients overestimated confidence relative to physician ratings. Significantly more patients with low confidence had comorbid depression, anxiety, and congestive heart failure compared to those with high confidence (Figure 2 ; Table 2 ).
Association of treatment adherence with physician-and patient-reported confidence in device usage
High confidence ratings by physicians and patients were associated with the highest levels of treatment adherence, with 33% and 38% of patients with high confidence ratings by both physicians and patients demonstrating high and medium adherence, respectively ( Figure 3 ). Low adherence was reported for 64% of patients with low confidence ratings by physicians and patients compared to 30% of patients with high physician and patient confidence ratings (P0.0001).
Patient characteristics associated with physician-and patient-reported confidence in device usage
Complete covariate data for the stepwise logistic regression analysis of predictors of confidence in inhaler use were available for 289 patients. Lack of physician diagnosis of depression and college education were significantly associated with high patient-reported confidence in device usage (Table 3) . Fewer comorbidities, and training provided by self or family members were significantly associated with high physician-reported confidence in inhaler use (Table 3) 
1209
Inhaler confidence, adherence, and health status in COPD only, DPI only, or both) were not significant predictors of physician-or patient-reported confidence.
Association of physician-and patientreported confidence with health status
High physician-reported confidence in inhaler usage was significantly associated with lower CAT scores, higher EQ-5D VAS, and greater overall patient satisfaction with inhaler treatment. Similar results were found for patient-reported confidence in device usage for CAT scores and inhaler satisfaction (Table 4) .
Discussion
This real-world study of community-based, US primary care physicians and pulmonologists and their patients demonstrated that both physicians and patients expressed low confidence in patients' ability to correctly use inhaler(s). Notably, physicians reported lower confidence in patients' ability to use inhalers than patients' self-reported confidence, and the level of agreement between their responses was only fair suggesting that patients may overestimate their ability to correctly use inhaler(s). Alternatively, physicians might underestimate patients' proficiency in the use of inhalers.
Our objective was to determine if confidence was significantly associated with patient-reported outcomes, including adherence. We found that physician-and patient-reported ratings of confidence in device usage were significantly associated with overall self-reported treatment adherence. The lowest adherence was evident in patients who reported low confidence and were perceived to be the least confident in device usage by their physicians. These results suggest that physician recognition of the factors associated with patient confidence in inhaler usage may help to identify patients who are likely to benefit from additional education or choose a different inhaler device that would suit their needs. Interestingly, we did not find an association between confidence and age or physician-reported COPD severity although previous research suggests the existence of an association between older age 34 and confidence. Additional research to identify other factors that influence confidence may improve patient outcomes. 
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Amin et al Self-education or training provided by family members were associated with significantly higher physician-reported confidence levels, which might suggest some benefit of training both patients and caregivers. These results, however, should be interpreted cautiously given the low proportion of patients who did not also receive training from a person other than a health professional. The important findings of this study lie in the fact that the report of low confidence in inhaler usage is seen despite receipt of training by the patient. However, the extent of training received by the patient could not be ascertained in this research and can be perceived as a limitation that precludes from making any strong conclusion about the role of education. Other characteristics significantly associated with greater confidence in device usage were fewer comorbidities, the absence of depression, and higher education levels. Overall, these results suggest that, clinicians may need to consider patient characteristics in inhaler device selection for patients at risk of having low confidence to avoid subsequent non adherence. Other factors, such as medication costs and higher cost sharing by patients, are also likely to influence adherence and should be considered when prescribing inhaler devices.
Approximately 75% of patients in our study used more than one inhaler, further highlighting the importance of device instruction and education. Previous research suggests that patients' ability to properly use inhalers is improved by instruction from clinicians in the proper use of inhaler(s), regular follow-up assessment of inhaler technique, and remedial training. 9, 11, 21, [35] [36] [37] [38] [39] Interestingly, literature suggests that even health professionals require training in the use of inhaler devices before they can effectively educate their patients, 37 with many clinicians not optimally informed about the appropriate use of inhaler devices and effective patient education strategies. 10, 12, 17 One study reported that only 14% of 1,500 physicians had adequate knowledge of inhaled therapy, 50% knew correct inhalation maneuvers required for DPI inhalers, and only 25% checked patients' inhalation technique before prescribing new device(s) or drug combinations. 40 Typically, observation, oral instructions, and demonstration are essential for effective education on optimal device usage. 25, 37, 39, 41 Successful device training reduces the frequency of exacerbations and dyspnea and improves quality of life. 42 Repeated instruction in inhalation techniques increases adherence and improves patients' health status 
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Inhaler confidence, adherence, and health status in COPD confidence in correct inhaler usage. This may, in turn, help achieve better outcomes for COPD patients.
Conclusion
Our results indicate that 1 in 3 COPD patients have low confidence in correct usage of inhaler devices and further poor inhaler confidence is associated with lower COPD-related health status. These findings may motivate a more individualized approach by health care professionals when considering inhaler delivery mechanisms and patient education to ensure better patient outcomes.
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Choice of inhaler device tailored to the individual patient's ability to use a particular type of device as well as patient needs and preferences can also enhance patients' confidence and maintain long-term treatment adherence. 9, 24, 25, 36 Patient preferences and their ability to generate the appropriate level of inspiratory flow for inhaler(s) are critical factors to consider when prescribing device(s). 37, 44 Patients with spontaneous breathing, good dexterity, and poor inspiratory flow may benefit from a pressurized MDI, while those with inadequate coordination but sufficient inspiratory flow may do well with a DPI or a pressurized MDI with a spacer. 37 Nebulizers are an alternative to pressurized MDIs plus a spacer and DPI, particularly for elderly patients, those with severe disease and frequent exacerbations, and those with physical or cognitive limitations. 45 Many patients, particularly those with moderate or severe COPD, have difficulty achieving the minimum inhalation rate required for a DPI. 44 Patients with severe airflow obstruction may only achieve the full benefits of inhaled therapy by using a spacer 37 or a nebulizer. 37, 45 Spacer devices and nebulized medications may benefit patients for whom low confidence is related to diminished inspiratory flow or difficulties using inhalers due to impaired cognitive function, manual dexterity, or hand strength. 25 The results of this observational survey must be considered within the context of several limitations that are inherent to all surveys -selection bias, potential lack of generalizability, and recall bias. The data source was a cross-sectional survey meaning adherence could only be measured by one-time patient self-report through validated questionnaire and not monitored longitudinally. The use of a single-item question about confidence in device usage could be perceived as another limitation. However, several validated instruments including the CAT, MMAS-8, and the EQ-5D-3L were used in the study, and the direction of association between confidence, adherence and health status had the expected trend. These findings suggest high concurrent validity with our results about patient confidence in device usage. The list of patient characteristics was not an exhaustive list of all factors that might affect confidence, such as cognitive abilities and motor coordination. Furthermore, this study was unable to assess whether HCPs were accurate in their instructions to patients for correct inhaler technique, which if incorrect could have undermined the benefits and, therefore, confidence the inhaler was being used correctly. Finally, confidence in device usage was not always specific to a single inhaler because a high percentage of patients used multiple inhalers. Despite these limitations, the findings of the study suggest that considering various patient factors for inhaler selection and training can help increase patient's 
